This account provides a summary of a chapter on Microwave Irradiation for Accelerating Organic Reactions in Advances in Heterocyclic Chemistry, volume 90, Part II: Six, Sevenmembered, Spiro and Fused Heterocycles by E. S. H. El Ashry, A. A. Kassem and E. Ramadan. Microwave irradiation (MWI) has been used extensively in organic synthesis. Application of MWI leads to many advantages, like the use of non-corrosive and inexpensive reagents, in addition to the eco-friendly "green chemistry" economical and environmental impacts.
Introduction
A widely used and preferred tool for accelerating organic reactions, microwave irradiation (MWI), has been applied to organic reactions in the absence of solvent and/or in the presence of a solid support, such as clays, alumina and silica, resulting in shorter reaction times and higher product yields than those obtained by using conventional heating. Specialized ovens or reactors have been developed to avoid the risk from domestic MW ovens. The terminologies: microwave for organic reaction enhancement "MORE" and microwave-assisted organic synthesis "MAOS" have been proposed. The reactions which are not possible under the conventional conditions, can sometimes be affected by the high energy of MWI. In addition, the use of MWI leads to the higher reaction selectivity and to the utilization of non-corrosive, inexpensive and environmentfriendly catalysts. These aspects have attracted our attention and a chapter on "Microwave Irradiation for Accelerating Organic Reactions" is now in press. Part II: Six, Seven Membered, Spiro and Fused Heterocyclic Ring Systems 1 following Part I: Three, Four and Five Membered
Heterocycles in the former volume 2 . The literature has been organized according to the number of heteroatoms in heterocycles; the fused heterocycles have been located according to the heterocycle that was built under MWI or as a reaction of the heterocycles. Heterocycles having either fused benzene rings or other heterocycles have been located under a separate title if sufficient literature is available. Since the number of references is very high, the references provided herein are the most recent ones for each class of compound and/or heterocycle.
Heterocycles with one heteroatom
This part includes heterocycles with one oxygen, sulfur or nitrogen as heteroatoms. Hetero DielsAlder reactions of glyoxylates with pentadienes were accelerated under MWI to afford a mixture of cis and trans pyrans; degradation as well as polymerization were avoided 3 . Several homoallyl alcohols were reacted with aldehydes to give tetrahydropyrans. Tetrahydropyranylation of alcohols by DMF has been conducted by using silica gel as a support, and the selective cleavage was done using 4-aza-1-benzyl azoniabicyclo[2.2.2]octane dichromate. Reaction of 2-and 2,4-dihydroxybenzaldehydes and 2,2-dimethyl-7-chromanols with 3-methyl-2-butenal gave the corresponding chromene 4 . Naphthopyrans or propargyloxynaphthopyrans were obtained from propargyl or bispropargyl naphthyl ethers. Reaction of salicylaldehydes with enamines gave isoflav-3-enes. Intramolecular Diels-Alder cycloadditions were used for the synthesis of 1-3. A one-pot diastereoselective synthesis of pyranothiazoles 4 was achieved 5 . Chemoselective intramolecular domino Knoevenagel hetero Diels-Alder reaction of 4-hydroxy-1,2-dihydro-2-quinolinones with 2-(3-methyl-2-butenyloxy)benzaldehyde gave the angular and linear pyranoquinolinones 9 . The corresponding chromanones 9 have been obtained by the reaction of 3-hydroxy phenolic derivatives with N-cinnamoylazoles 10 . Coumarins were synthesized by condensation of salicylaldehydes with malonic acid, derivatives of ethyl acetate or hydrazides and by Knoevenagel condensation of benzaldehydes or acetophenones with Meldrum's acid; reactions did not take place in the absence of MWI or catalyst 11, 12 . Diels-Alder reaction of (E)-and (Z)-3-styrylchromones with N-methyl and N-phenyl maleimide afforded the respective exo-and endo-cycloadducts stereoselectivly. Lawesson's reagent converted flavones and isoflavones into their thio analogs 13 . Reaction of arylidenemalononitriles with α-methylene ketones gave 2-amino-3-cyanopyridines 14 10. The reactions between enaminocarbonyl compounds and 4-ylidene-2-phenyloxazol-5-(4H)-ones or cyanomethylene or nitromethane gave pyridine derivatives 10. Bis-pyridylamides were prepared by direct nucleophilic substitution reactions. Pyridylthioglycosides 11 were obtained from 2-chloropyridines and glycosyl isothiouronium salts 15 . N-methylation using formic acid-formaldehyde mixtures was used to prepare a number of piperidine derivatives. Michael addition of 2(1H)-pyridones to dimethylacetylenedicarboxylate (DMAD) afforded 12 16 . Reaction of N,N-dimethylformamide dimethyl acetal with 2,6-diacetylpyridine gave 2,6-bis(3-dimethylamino-1-oxoprop-2-enyl)pyridine 17 . Synthesis of tris(2,2'-bipyridine)ruthenium (II) perchlorate trihydrate has been achieved 18 . Benzimidazoles with pyridyl substituents and 7,7'-bis-indolizines were prepared 19 . Intramolecular Diels-Alder reaction of indolizidine with 2-cyano-substituted N-alkyl azadiene was done. Reaction of pyridinium N-dicyanomethylide with ethyl phenylpropiolate or phenylacetylene gave the possible regioisomers 13 20 . Reaction of 4-chloroazines with benzotriazoles gave the triazole derivatives 14, and 2-amino-pyridines with 2-naphthaldehyde or pyridine-2-aldehyde and isocyanide afforded the imidazo[1,2-a]pyridines 15 21, 22 . Oxazolopyridines 16 were obtained by intramolecular cyclization of hydroxyamidines 23 . 24, 25 .
Pyrazolo[3,4-b]pyridines, the 7-chloro-6-fluoro-2,4-dimethylquinoline and its mercaptothiadiazolyl or oxadiazolyl quinolines 21 were prepared via Diels-Alder reaction conversion of methyl 2-(3-oxo-3-phenylpropenylamino)benzoate into 3-benzoyl-1H-quinolin-4-one 22 26, 27 . A mixture of aniline derivatives and malonic ester gave a variety of 3-aryl-4-hydroxyquinolin-2(1H)-ones 23. Condensation of isatins with ketones afforded quinoline-4-carboxylic acids. 2-Aryl-1,2,3,4-tetrahydro-4-quinolinones 22 and carbazolylquinolone were also prepared. The substitution of 2-chloroquinoline gave the 2-substituted quinolines. Basic alumina has catalyzed the C-C bond formation between 2-hydroxy-1,4-naphthoquinone and 2-chloroquinoline derivative to give 21. Reaction of organic halides with 8-hydroxyquinolines gave the respective ethers. The azodye derivatives of 21 were prepared in the absence of solvent. Silica gel catalyzed the formation of 2-ketomethylquinolines from reaction of 2-methylquinolines with acyl chlorides. Aza-Wittig reaction in 3-(o-azidophenyl)-1-methyl-1H-quinolin-2-one gave the alkaloid cryptotackieine and cyclization of hydroxyamidines gave the oxazoloquinolines. Condensations of 1-cyanomethylene tetrahydroisoquinoline with β-unsaturated aldehydes afforded 6,7-dihydro-4H-benzo[a]quinolizines. Tetrahydroindolizinediones were reacted with 2-aminobenzaldehydes to give 32 31 . Pyrazoloquinolines 33 were synthesized from β-chlorovinylaldehydes and pyrazolylanilines 32, 33 . 2-Arylidenehydrazino-4-methylquinolines were cyclized to give 34.
Condensation of 2-hydrazino-4-methylquinoline with aromatic ketones under MWI gave hydrazones whereas its reaction with POCl 3 in DMF gave 35 34 . The polycyclic quinolines 37-39 have been prepared. Reaction of alkynones with either benzamidine, acetamidine or guanidine hydrochloride gave pyrimidines 49, and chalcones with urea gave 50 41 . The Biginelli products have been formed by irradiation of β-ketoester, aryl aldehyde, (thio)urea derivatives and PPE or a mixture of thiourea, ethyl acetoacetate and aldehydes. Pyrimidyl halides underwent nucleophilic substitutions with thiolate or alkoxy ions. Iodination of pyrimidinones and their nucleosides gave 51 42 . The hydroxymethylation of pyrimidinones was carried out by using paraformaldehyde to
give 5-hydroxymethyl derivatives 52. Coupling of organozinc reagent with 2,4-dichloropyrimidine gave pyridyl-pyrimidines. Condensation of aromatic aldehydes with thiobarbituric acid gave 5-arylidenethiobarbituric acids. Reaction of barbituric acid with aldehydes gave 5-(arylmethylene)-2,4,6-(1H,3H,5H)pyrimidinetriones 43 . Anthranilonitrile was reacted with aromatic nitriles to afford the corresponding 4-aminoquinazolines 44 . 
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Thionation of quinazolinones and then reaction with anthranilic acid derivatives gave 57 47 .
A regioselective reaction of isatoic anhydride with isatin-3-imines gave 58 48 Reaction of indoloquinazoline and anthranilic acids, adsorbed on graphite, led to 61 50 .
Reaction of aldehydes, 2-aminopyrimidine and alkyl isocyanide afforded 62. A route to 63 was described by reaction of N-acyl imidates with imidazolidine ketene aminals 51 . The imidazo[1,5-a]pyrimidines 68 and benzo [4, 5] imidazo[1,2-a]pyrimidines 69 were prepared. Cyclization of imidazolones with thiourea or cyanoguanidine gave the cis and trans isomers of 70. Xanthine bases, caffeine, theophyline gave the 6-thio and 2,6-dithio derivatives by using Lawesson's reagent 53 . Heating the diethanolamine or bis(2-chloroethyl)amine hydrochlorides with aniline derivatives gave 1-arylpiperazine derivatives. The 1-substituted piperazines were deuteromethylated. 1,4-Dithiocarbonyl piperazine was obtained from reaction of benzaldehyde with piperazine and sulfur. 1,4-Diacetylpiperazine-2,5-dione were reacted with aldehydes to give the monoarylidene products and then 73. 4-Benzylpiperazine-2,5-dione was reacted with bromobenzene to give 74. Diels-Alder cycloaddition of pyrazinone with ethene gave 75 55, 56 . Condensation of o-phenylenediamine with methylglyoxal, aldohexoses and aryl or alkyl acyloins gave the corresponding quinoxalines 57 76. Indoloquinoxalines were obtained from isatin. Carbethoxymethylation of isatin and then reaction with o-phenylenedimine gave the respective indoloquinoxalines 77, whereas hydrazide was condensed with aromatic aldehydes and monosaccharides. L-Ascorbic acid or D-isoascorbic acid were oxidized with iodine and then reacted with o-phenylenediamine and phenylhydrazine to give quinoxalinones 78, which were cyclized to pyrazolyl-quinazolinones 58, 59 . Coupling of 4-fluoro-3-nitrobenzoic acid with polyethylene glycol (PEG) which can be converted to the polymer bound 1,2,3,4-tetrahydroquinoxalin-2-one. Cyclocondensation of oxalic acid or diethyloxalate with o-phenylenediamine gave quinoxaline-2,3-dione. Glycosyl isothiouronium salts were coupled with 2-chloroquinoxalines to give the respective thioglycosides. 2,3-Dichloroquinoxaline was converted to quinoxaline-2,3-dithione which upon reaction with acetobromoglucose or 2-amino-2-deoxy-2,3,4,6-tetra-O-acetyl α-D-glucopyranosyl chloride gave the corresponding thioglycosides.
Reaction of alloxan monohydrate with 1,2-diaminobenzene or 1,2-diamino-4,5-dimethylbenzene gave isoalloxazine and lumichrome 79 60 . Dehydrative cyclization of L-threo and D-erythro-glycosyl quinoxalines with aq. NaOH gave the respective flavazoles, which degraded to 80 59 . A mixture of aldehydes, 2-aminopyrazine and isocyanide afforded 81. 
Heterocycles with four heteroatoms
Hetero-Diels-Alder reactions of chiral 1-aryl-1,2-diaza-1,3-butadienes gave 97 65 
Spiroheterocycles
A mixture of Meldrum's acid or barbituric acid derivatives, urea and aldehyde gave 99, stereoselectively. Reaction of 2-methylene indoline derivatives with 1-nitroso-2-naphthol gave 100. Spiroheterocycles 101 were prepared from a mixture of isatin and aromatic or heterocyclic amines 66, 67, 68 . 
